Haemophilus ducreyi is a gram-negative bacterium that causes chancroid, a sexually transmitted disease. Chancroid is marked by the development of papules that evolve into pustules and painful genital ulcers, inguinal lymphadenopathy, and the formation of buboes (5) . Although infrequent in Europe and the United States, chancroid is endemic in many developing countries (37) . Due to its short duration of infectiousness, H. ducreyi can be maintained in a population only by infecting persons with multiple sex partners, such as sex workers (5) . Where sexually transmitted disease treatment services, syndromic treatment of genital ulcer disease, and condom use have been promoted, the prevalence of chancroid has dramatically decreased (13, 27, 37) . However, sex work and the lack of health services remain in many resource-poor countries. In addition, chancroid is a public health problem because it facilitates the acquisition and transmission of human immunodeficiency virus type 1 (5, 26, 37) . Thus, understanding host responses to H. ducreyi is an important area of investigation.
Dendritic cells (DC) are the key antigen-presenting cells that lead to successful innate and adaptive immune responses to infection (28, 29, 41) . Three different subtypes of human DC have been defined: Langerhans cells, interstitial DC, and plasmacytoid DC (24, 28) . Human skin, the site of H. ducreyi infection, usually contains the first two types of DC, which are generally referred to as myeloid DC (24) . As such, myeloid DC are those likely to interact with H. ducreyi in lesions.
The ability of DC to process and present antigens is dependent on their maturation status. Immature DC are highly phagocytic with weak antigen-presenting cell function, and phagocytosis of particulate antigens or pathogens usually induces DC maturation. Mature DC are potent antigen-presenting cells that express high levels of the surface markers HLA-DR, CD40, CD80, CD83, and CD86 and prime naïve T cells. Microbial pathogens employ multiple strategies to subvert DC function, such as the impairment of DC maturation, cytokine secretion, or migration and the induction of DC apoptosis or necrosis (1, 4, 12, 21, 34, 45) . In human volunteers who are experimentally infected with H. ducreyi, CD83-positive and DC lysosome-associated membrane protein (DC-LAMP)-positive cells are found in the epidermis or dermis of pustules (20) . However, immature CD1a-positive cells are more abundant in experimental lesions than are cells that express CD83 and DC-LAMP (20) , suggesting that H. ducreyi may not fully promote DC maturation.
In experimental pustules and natural ulcers, H. ducreyi is surrounded by polymorphonuclear neutrophils (PMN) and macrophages but is not ingested (2, 3) . H. ducreyi secretes two antiphagocytic proteins, LspA1 and LspA2, which prevent the uptake of the organism by PMN-like and macrophage-like cell lines in vitro (42) . The expression of LspA1 and LspA2 is required for pustule formation in human volunteers (19) . Whether the expression of LspA1 and LspA2 would prevent the uptake of H. ducreyi by DC is unknown.
H. ducreyi also expresses a heat-labile cytolethal distending toxin (CDT) that causes lymphocyte, fibroblast, and epithelial cell death in vitro (6, 35, 40) but is not required for pustule formation in human inoculation experiments (48) . Purified recombinant CDT also causes apoptosis of DC in vitro (23, 47) . To avoid potential CDT toxicity on DC, Xu and colleagues studied interactions between myeloid DC and gentamicinkilled H. ducreyi bacteria (47) . However, interactions between DC and dead bacteria do not always reflect those found between DC and live bacteria (7, 10, 29, 49) . To our knowledge, no studies have examined how myeloid DC interact with live H. ducreyi.
In this study, we examined whether myeloid DC are enriched relative to plasmacytoid DC in skin lesions of healthy volunteers infected with H. ducreyi at the pustular stage of disease. We examined the effect of live H. ducreyi on monocyte-derived myeloid DC viability and the ability of myeloid DC to ingest and kill live H. ducreyi. We also explored the impact of infection with H. ducreyi on DC maturation and the production of cytokines.
MATERIALS AND METHODS

Characterization of DC from biopsy samples of H. ducreyi-infected volunteers.
Three adult female volunteers (volunteer numbers 272, 273, and 281), who were infected with H. ducreyi for 6 to 9 days in human inoculation experiments described previously (17, 18) , contributed biopsy samples of pustules for flow cytometry. A blood sample was obtained from each subject on the day of biopsy, and peripheral blood mononuclear cells (PBMC) were isolated by Ficoll-Paque gradient centrifugation. Biopsy samples were minced and processed exactly as described previously (15) , except that single cells were collected using a 70-m sieve. Biopsy cells and PBMC were incubated with fluorescein isothiocyanate (FITC)-conjugated antibodies to lineage cocktail 1 (CD3 clone SK7, CD14 clone MP9, CD16 clone 3G8, CD19 clone SJ25C1, CD20 clone L27, and CD56 clone NCAM16.2), peridinin chlorophyll protein-conjugated antibodies to HLA-DR (clone G46-6), allophycocyanin (APC)-conjugated antibodies to CD11c (clone S-HCL-3), and phycoerythrin (PE)-conjugated antibodies to CD123 (clone 9F5) (all obtained from BD Biosciences). Cells were washed, suspended in phosphate-buffered saline (PBS) plus 2% paraformaldehyde, and analyzed using a FACSCalibur flow cytometer and BD CellQuest Pro version 4.0.1 software (BD Biosciences).
Generation of myeloid DC from peripheral blood. Ten healthy adult volunteers (six women and four men) over 18 years of age, who had never been infected with H. ducreyi, contributed blood samples for the isolation of PBMC. Informed consent was obtained from volunteers in accordance with the human experimentation guidelines of the U.S. Department of Health and Human Services and the Institutional Review Board of Indiana University-Purdue University Indianapolis. PBMC were also isolated from leukopacks obtained from seven anonymous donors from the Indiana Blood Center. CD14 ϩ cells were isolated from PBMC by positive selection using magnetic CD14 microbeads (Milenyi Biotech) according to the manufacturer's instructions. We routinely achieved 95 to 97% purity, as verified by flow cytometric analysis. Approximately 0.5 ϫ 10 6 /ml to 1 ϫ 10 6 /ml of CD14 ϩ cells were cultured in wells with RPMI 1640 and 5% heat-inactivated (56°C for 30 min) human AB serum or 10% heat-inactivated fetal bovine serum (FBS) for 1 week at 37°C in 5% CO 2 . Recombinant human interleukin-4 (rhIL-4) and rh granulocyte-macrophage colony-stimulating factor (R&D Systems) were added to the culture on days 0, 2, 4, and 6 (12). After 7 days of culture, the cells were HLA-DR ϩ , CD86 ϩ CD40 ϩ , CD3 Ϫ , and CD14 Ϫ by flow cytometry. Bacterial strains and culture conditions. H. ducreyi 35000HP is a humanpassaged variant of strain 35000 and has been reported previously (35) . Strain 35000HP/pRB157K expresses green fluorescent protein (GFP) and has been described previously (36) . The lspA1 lspA2 double mutant 35000HP⍀12 (19) was transformed with pRB157K and designated 35000HP⍀12/pRB157K. Strain 35000.303 is a cdtC mutant that lacks CDT activity, as described previously (48) . 35000HP⍀12, 35000.303, and pRB157K were gifts from Eric Hansen (University of Texas, Southwestern). H. ducreyi was cultivated on chocolate agar plates, in brain heart infusion broth supplemented with hemin, 1% IsoVitaleX, and soluble starch, or in GC (gonococcal) medium supplemented with hemin, 1% IsoVitaleX, and 5% heat-inactivated FBS as described previously (9) .
LPS and heat-killed bacteria. Lipopolysaccharide (LPS) (E. coli O26:B6) was obtained from Sigma-Aldrich. H. ducreyi whole cells were heat killed by incubation at 100°C for 10 min.
Apoptosis, phagocytosis, and gentamicin protection assays. H. ducreyi was grown to mid-log phase in brain heart infusion broth and washed three times with Hanks balanced salt solution. Live bacteria were centrifuged onto wells containing approximately 10 5 DC at a multiplicity of infection (MOI) of approximately 20:1 and incubated for 90 min at 35°C in 5% CO 2 . DC were collected by centrifugation, and nonadherent bacteria were removed by washing with RPMI 1640. Infected DC were incubated in RPMI 1640 containing rhIL-4 and rh granulocyte-macrophage colony-stimulating factor for up to 48 h at 35°C.
To determine whether DC were killed by H. ducreyi, infected and uninfected DC were stained with trypan blue. Infected and uninfected DC were also stained with annexin V-PE apoptosis detection kit I (BD Biosciences) per the manufacturer's instructions and analyzed by flow cytometry as described previously (8) . In some experiments, the abilities of 35000HP and 35000.303 to induce apoptosis were compared.
To examine whether H. ducreyi bacteria were ingested and killed by DC, we performed gentamicin protection experiments. The total number of bacteria that were associated with DC after 90 min of incubation was determined by quantitative culture. To kill the extracellular bacteria, infected DC were incubated in RPMI 1640 with gentamicin (50 g/ml) for 30 min, washed in RPMI 1640, and placed in wells with fresh medium without antibiotics. DC were collected immediately after being washed and, 24 and 48 h later, were lysed with saponin and quantitatively cultured.
To determine the percentage of DC that ingested H. ducreyi, we performed confocal microscopy assays. GFP-expressing 35000HP cells that were either opsonized in 100% autologous serum for 20 min at room temperature or not opsonized were cultured with DC at an MOI of approximately 10:1 for 90 min, 4 h, and 24 h. Infected DC were washed, collected, and centrifuged onto glass slides with a Shandon Cytospin 3 centrifuge (Thermo Electron Corp.) and fixed with 4% paraformaldehyde overnight at 4°C. The slides were blocked with 5% normal goat serum (Sigma) in PBS for 30 min and stained with antibodies to CD45 (clone HI30; BD Biosciences), followed by an indodicarbocyanine (Cy5)-conjugated secondary antibody (Jackson ImmunoResearch). Fifty to 100 DC were optically sectioned by confocal microscopy, and the percentage of DC with associated and internalized bacteria was determined as described previously (36) .
To investigate whether the expression of LspA1 and LspA2 prevented phagocytosis of H. ducreyi by DC, 35000HP/pRB157K and 35000HP⍀12/pRB157K were grown in GC broth to mid-log or stationary phase, washed, centrifuged onto wells containing DC at MOIs ranging from 10:1 to 100:1, incubated for 90 min at 35°C, and treated with gentamicin as described above. After fixation with 2% paraformaldehyde for 20 min at room temperature, DC were washed and analyzed for engulfment of GFP-expressing H. ducreyi by flow cytometry.
Western blot analyses. Strains 35000HP and 35000HP⍀12 were grown to mid-log and stationary phases in GC broth and cocultured with DC at MOIs ranging from 10:1 to 100:1 for 4 h at 35°C. Cell lysates were electrophoresed in 10% acrylamide gels and transferred to nitrocellulose membranes. To detect the active forms of the Src family of protein tyrosine kinases, the membranes were probed with rabbit polyclonal antibodies to the phosphorylated tyrosine 418 of Src (anti-pY418 [␣-pY418]; BioSource International Inc.) as described previously (25) . To ensure that equal amounts of cellular proteins were analyzed, the mouse monoclonal antibody C4 (ICN Biomedicals Inc.) was used to detect actin. DC activation and cytokine production. Myeloid DC were generated as described above except that 10% heat-inactivated FBS was substituted for human AB serum. The immature DC were incubated with medium alone, live H. ducreyi, heat-killed H. ducreyi at an MOI of approximately 10:1, E. coli LPS (200 ng/ml), or a maturation cocktail of tumor necrosis factor alpha (TNF-␣) (10 ng/ml), IL-1␤ (10 ng/ml), and prostaglandin E 2 (1 g/ml) (12). In some wells, DC were incubated simultaneously with live or heat-killed H. ducreyi and LPS. After centrifugation, the culture plates were kept for 90 min at 35°C. To optimize DC activation, the cultures were subsequently incubated at 37°C for an additional 46.5 h.
To measure activation, DC were pelleted, suspended in fluorescence-activated cell sorter buffer (PBS plus 10% fetal calf serum plus 2 mM EDTA), and incubated with conjugated antibodies to the following surface markers: HLA-DR (FITC; clone G46-6), CD40 (APC; clone 5C3), CD80 (PE; clone L307.4), CD83 (PE; clone HB15e), and CD86 (APC; clone 2331) (all obtained from BD Biosciences). Cells were analyzed by flow cytometry. Culture supernatants were collected after 48 h of incubation and assayed for IL-6, IL-10, IL-12p70, and TNF-␣ levels by enzyme-linked immunosorbent assay (BD Biosciences) according to the manufacturer's instructions.
Statistical analyses of the geometric means of DC surface marker expression and cytokine levels used mixed models of analysis of variance with a random subject effect to account for the correlation among observations of the same individual. Follow-up pairwise tests were adjusted for multiple comparisons with the Tukey-Kramer procedure. P values of Ͻ0.05 were considered to be significant.
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RESULTS
Myeloid DC are enriched in pustules of H. ducreyi-infected volunteers. We collected cells from the pustules and peripheral blood of three volunteers experimentally infected with H. ducreyi. Lineage-negative (CD3, CD14, CD16, CD19, CD20, and CD56) HLA-DR ϩ cells were stained for CD11c and CD123. Representative results for one subject are shown in Fig. 1 . A mean of 3,800 DC was isolated from each pustule. The ratio of monocytoid (CD11c ϩ ) to plasmacytoid (CD123 ϩ ) DC in the peripheral blood was 1:1, while that ratio in the pustules was 2.8:1. Since myeloid DC were predominant in lesions, we used monocyte-derived myeloid DC from noninfected volunteers as surrogates to study interactions between H. ducreyi and DC.
Live H. ducreyi bacteria do not kill myeloid DC. Recombinant H. ducreyi CDT causes apoptosis of DC in vitro (23, 47) . Therefore, we examined whether live 35000HP, which produces CDT (48), caused DC death. By trypan blue exclusion, DC infected with live H. ducreyi remained as viable as uninfected DC for up to 48 h (data not shown). To confirm these findings, uninfected DC and infected DC were stained with annexin V-PE and 7-amino-actinomycin D. After 90 min, 24 h, and 48 h of incubation, there was no difference between the number of DC that were apoptotic or necrotic when infected with H. ducreyi and the number of uninfected controls (Fig. 2) .
Similarly, we found no differences in the abilities of 35000HP and 35000.303, which do not produce active CDT, to cause apoptosis of DC (data not shown). Thus, a CDT-expressing strain of H. ducreyi did not kill DC in this assay over the time course studied. DC ingest and kill H. ducreyi, but killing is incomplete. We examined H. ducreyi association with, uptake by, and survival in DC by gentamicin protection and confocal microscopy assays. Of the associated bacteria, 16% Ϯ 20% (mean Ϯ standard deviation [SD]) were internalized (gentamicin protected) after 90 min (Fig. 3) . DC killed the internalized bacteria, but 5% of those initially internalized were viable at 48 h (Fig. 3) . In the confocal microscopy assay, within 90 min, GFP-expressing 35000HP/pRB157K cells were associated with approximately 70% to 80% of DC and were ingested by more than 50% of DC ( Fig. 4A and B) . Many DC contained large clumps of bacteria (Fig. 4A) . By 24 h, although many DC still contained intracellular bacteria, the bacteria were faint and fewer in number, consistent with bacterial killing (Fig. 4A) . Opsonization with autologous serum had little effect on association or uptake (Fig. 4B) . Thus, DC ingested and killed H. ducreyi, although killing was incomplete over the time course studied.
LspA1 and LspA2 do not prevent uptake of H. ducreyi by DC despite inhibiting Src kinase activation. LspA1 and LspA2 inhibit phagocytosis of H. ducreyi by PMN-like and macrophage-like cell lines in vitro by decreasing the activation of the Src family of protein tyrosine kinases and blocking Fc␥ receptor-mediated phagocytic signaling (25) . To address whether these proteins have any effect on the ability of DC to ingest H. ducreyi, we compared the uptake of 35000HP/pRB157K with that of 35000HP⍀12/pRB157K by flow cytometry. We tested both mid-log-and stationary-phase bacteria for uptake, because the expression of LspA1 and LspA2 is maximized under the latter condition (42) . In this assay, approximately 25% of DC infected with mid-log-phase 35000HP/pRB157K or 35000HP⍀12/pRB157K at an MOI of approximately 10:1 were GFP positive after 90 min of coculture (Fig. 5A) . Almost 50% of DC incubated with stationary-phase H. ducreyi at an MOI of 50:1 to 100:1 were GFP positive (Fig. 5A ). Under all conditions tested, there were no differences between the uptake of 35000HP/pRB157K and that of 35000HP⍀12/pRB157K by DC. Thus, the expression of LspA1 and LspA2 had no effect on the uptake of H. ducreyi by DC (Fig. 5A) . We next examined whether the lack of an effect of LspA1 and LspA2 on the ability of DC to ingest H. ducreyi was due to their inability to inactivate Src kinases in DC. DC were cocultured with 35000HP and 35000HP⍀12 for 4 h, and cell lysates were probed with antibodies (␣-pY418) specific to the active form of Src kinases as described previously (25) . DC incubated with 35000HP had higher levels of active Src kinases than uninfected DC but considerably lower levels of active Src kinases than DC infected with 35000HP⍀12 (Fig. 5B) . These data suggest that LspA1 and LspA2 block the Fc␥ receptormediated phagocytic pathway in DC and that DC use other mechanisms to take up H. ducreyi.
Effect of H. ducreyi infection on DC activation and cytokine production. To evaluate the effect of H. ducreyi on DC activation, we measured the geometric mean fluorescence intensities of HLA-DR, CD40, CD80, CD83, and CD86 surface marker expression levels. Preliminary experiments over a 48-h time course indicated that the greatest change in surface marker expression in response to live bacteria occurred by 48 h (data not shown). All subsequent experiments were done after 48 h of culture.
DC were cultured with medium alone, live bacteria, heatkilled bacteria, and/or medium containing E. coli LPS or the proinflammatory maturation cocktail. After 48 h of culture, the expression levels of all markers were significantly higher for DC incubated with heat-killed bacteria, E. coli LPS, and the maturation cocktail than for DC incubated in medium alone (all with P values of Ͻ0.05) ( Table 1) . Although incubation with live bacteria increased DC surface marker expression, the expression level was not significantly different from that of DC cultured in medium alone ( Table 1) .
The lack of significant induction of surface markers on DC We assayed the secretion of IL-6, IL-10, IL-12p70, and TNF-␣ in the culture supernatants of DC that were stimulated under conditions corresponding to those described above except for the maturation cocktail. For uninfected DC, the levels of all cytokines tested were below the limits of detection of the assays. Higher levels of IL-6 and TNF-␣ were secreted by DC cultured with live H. ducreyi than by DC incubated with heatkilled bacteria or LPS (all with P values of Ͻ0.001) (Fig. 6A and B). Similarly, DC cultured with live H. ducreyi and LPS secreted higher levels of IL-6 and TNF-␣ than DC incubated with LPS, LPS and heat-killed H. ducreyi, or heat-killed H. ducreyi (all with P values of Ͻ0.009) (Fig. 6A and B) . DC infected with live bacteria secreted IL-10 and IL-12, but these levels were not significantly different from those under any of the other conditions tested (Fig. 6C and D) . Marked donorto-donor variation was noted for all cytokine responses measured.
DISCUSSION
In this study, we showed that myeloid DC were enriched relative to plasmacytoid DC in pustules of H. ducreyi-infected volunteers compared to myeloid DC in peripheral blood. Thus, monocyte-derived myeloid DC are reasonable surrogates for the study of interactions between H. ducreyi and DC. In contrast, humans infected by Borrelia burgdorferi or Treponema b MFI, mean fluorescence intensity. Values represent data for six donors. *, significant difference compared to medium alone (P Ͻ 0.05); **, significant difference compared to E. coli LPS alone (P Ͻ 0.05).
FIG. 6. Cytokine production by DC exposed to live (LV) or heat-killed (HK) H. ducreyi and LPS singly or in combination after 48 h. Culture supernatants were obtained from DC whose activation levels are reported in Table 1 pallidum have similar proportions of myeloid and plasmacytoid DC in skin lesions and peripheral blood (30, 31) . The basis for these findings is unclear but could reflect basic differences among these bacteria, such as the lack of LPS in spirochetes, the relative chronicity of each infection, and the inability of H. ducreyi to disseminate systemically.
Clinical isolates of H. ducreyi form a homogeneous DNA hybridization group and express many of the same surface antigens, suggesting limited diversity within the species (35) . However, there are at least two circulating classes of H. ducreyi, which express different proteomes and immunotypes or variants of several outer membrane proteins (33, 46) . The oligosaccharide component of the lipooligosaccharide (LOS) of class II strains is truncated compared to that of class I strains (46) , but whether their lipid A structures differ has not been determined. To study interactions between DC and H. ducreyi, we used 35000HP, an extensively characterized prototype class I strain that is highly infectious in humans in that the inoculation of as few as 1 CFU causes clinical disease (35) . Whether our findings apply to class II H. ducreyi strains is unknown.
Live 35000HP, which expresses CDT, did not cause DC cell death compared to uninfected controls over a 48-h time course. We found no difference in the abilities of 35000HP and 35000.303, which do not express CDT, to cause apoptosis. At concentrations of 0.5 g/ml to 2 g/ml, recombinant H. ducreyi CDT causes apoptosis of DC (23, 47) . How much CDT is secreted by live 35000HP is unknown. CDT activity is present in cell-free culture supernatants prepared from stationaryphase cultures of 35000HP, which contain at least 10 8 CFU/ml of bacteria (22, 38) . However, 40-fold concentrations of these cytotoxic culture supernatants do not allow the detection of native CDT proteins by CDT-specific monoclonal antibodies in Western blot analysis (22) . In our assays, we incubated 10 6 H. ducreyi bacteria with 10 5 DC, and the DC killed 95% of the bacteria over the 48-h time course. Thus, the amount of CDT produced by H. ducreyi in our assays was likely several orders of magnitude below the concentrations of recombinant CDT reported to cause apoptosis of DC.
Approximately 50% of the DC ingested GFP-labeled H. ducreyi after 90 min of culture at an MOI of 10:1 in the confocal microscopy assay. However, only 25 to 30% of DC were GFP positive after 90 min of culture with H. ducreyi at a similar MOI in the flow cytometry assay. Confocal microscopy detects the ingestion of as few as one bacterium. We do not know how many GFP-expressing H. ducreyi bacteria need to be ingested by DC to provide a positive signal in the flow cytometry assay, but GFP-positive DC infected with labeled Mycobacterium tuberculosis contain four viable organisms/cell (12) . The apparent discrepancy between the confocal microscopy and flow cytometry assays is likely due to the relative sensitivities of the assays.
35000HP expresses the antiphagocytic proteins LspA1 and LspA2, which prevent Fc␥ receptor-mediated phagocytosis by PMN-like and macrophage-like cell lines (25) . In our assays, both opsonized and nonopsonized 35000HP cells were ingested by DC within 90 min of coculture. The expression of LspA1 and LspA2, even under conditions that maximize their expression, had no effect on the ingestion of H. ducreyi by DC. In contrast, the preincubation of J774A.1 macrophages with live 35000HP for 1 h prevents phagocytic cup development and the uptake of opsonized erythrocytes (25) . The incubation of PMN-like and macrophage-like cell lines with live 35000HP reduces the levels of active Src kinases that are involved in Fc␥ receptor-mediated phagocytosis, while the incubation of those cell lines with an lspA1 lspA2 double mutant does not (25) . Similar results were obtained previously with a DC cell line (25) and with monocyte-derived DC in our assays. Our data suggest that DC use pathways other than Fc␥ receptor-mediated phagocytosis to ingest H. ducreyi.
Another receptor by which bacteria enter DC is the DCspecific intercellular adhesion molecule-grabbing nonintegrin (DC-SIGN) (43) . DC-SIGN is a C-type lectin that binds carbohydrates that contain mannose or a terminal N-acetylglucosamine (50). The LOS of H. ducreyi strain A77 terminates in N-acetylglucosamine because A77 contains a point mutation in the galactosyltransferase gene, lgtB (39) . In contrast, the LOS of 35000HP terminates in N-acetylactosamine, which may be sialylated. A77 adheres to and is phagocytosed by HeLa cells transfected with DC-SIGN (50). However, A77 complemented with 35000HP lgtB expresses LOS similar to that expressed by 35000HP and does not bind to DC-SIGN (50) . H. ducreyi does not express mannose-containing carbohydrates. Given its LOS structure, 35000HP is unlikely to be taken up via DC-SIGN. Indeed, multiple attempts to inhibit the ingestion of H. ducreyi by DC with an anti-DC-SIGN antibody were unsuccessful (data not shown). How H. ducreyi is taken up by DC is under investigation in our laboratory. DC ingested and killed H. ducreyi, but killing was incomplete as 5% of the internalized bacteria were recovered from DC for up to 48 h. In pustules induced by experimental inoculation, some DC express the maturation markers CD83 and DC-LAMP, but the majority of DC are immature CD1a-positive cells (20) . H. ducreyi-specific T-cell lines are recovered from pustules of volunteers who are infected for 7 to 14 days (9). These data suggest that some DC mature in lesions, migrate to lymph nodes, and sensitize naïve T cells during experimental infection. In a murine model, DC that acquired FITC-labeled antigens after application to the skin were detected in lymph nodes 24 h later (16) . We speculate that in natural chancroid, DC harboring live organisms may migrate to regional lymph nodes and cause the formation of infected buboes.
In vitro infection of myeloid DC with live H. ducreyi resulted in partial activation of DC. Similar results have been shown with Trypanosoma cruzi, Mycobacterium leprae, and Mycobacterium tuberculosis (12, 14, 44) . When DC were infected with M. tuberculosis labeled with GFP, M. tuberculosis replicated and GFP-positive DC contained four organisms/cell 2 days after infection (12) . After 48 h of M. tuberculosis infection, GFP-negative DC displayed slightly higher but not significantly different levels of activation than GFP-positive DC, likely due to bystander effects (12) . In our assays, approximately 50% of DC ingested GFP-labeled H. ducreyi by 90 min. However, the number of GFP-positive DC and the intensity of their staining declined by 24 h because DC killed most of the internalized H. ducreyi. Thus, we cannot determine whether there is a difference in activation between DC that had initially ingested H. ducreyi and those that had not.
Live H. ducreyi also inhibited DC maturation by a potent agonist (LPS); a similar finding was shown for M. tuberculosis (12 The secretion of high levels of IL-6 in the face of partial activation of surface markers may be a mechanism whereby H. ducreyi simultaneously promotes "pathological inflammation" (32) and avoids the establishment of a full Th1 response that promotes phagocytosis of the organism. The levels of cytokines secreted by DC infected with live bacteria showed marked donor-to-donor variation. In persons who form pustules and in natural ulcers, H. ducreyi is surrounded by phagocytes and is not ingested (3, 35) . In reinfection experiments, some volunteers repeatedly resolved all inoculated sites while others repeatedly formed pustules, suggesting that some hosts are able to overcome the antiphagocytic properties of the organism (36) . Spontaneous resolution of disease has also been reported in natural infection (11). We have postulated that H. ducreyi causes a proinflammatory response that promotes phagocytosis in resolvers and a tolerizing response that promotes phagocytic failure in pustule formers (36) . Our donors were normal, healthy adult volunteers who had not been challenged with H. ducreyi. Whether person-to-person variation in cytokine responses to H. ducreyi by DC is associated with differential host susceptibilities to disease progression is under investigation in our laboratory (15a).
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